Introduction {#section1-1756286419832242}
============

Myasthenia gravis (MG) is a rare, antibody-mediated autoimmune disease of the neuromuscular junction, resulting in fluctuating fatigability and weakness of ocular, bulbar, and limb skeletal muscles. Autoantibodies against components of the postsynaptic neuromuscular endplate \[acetylcholine receptor (AChR; most common); muscle-specific kinase (MuSK), and lipoprotein-related protein 4\] are involved in the underlying pathogenesis^[@bibr1-1756286419832242]^ and are well accepted as diagnostic markers.^[@bibr2-1756286419832242],[@bibr3-1756286419832242]^ Increasing evidence also suggests a role for anti-agrin autoantibodies, although this remains to be confirmed in humans.^[@bibr4-1756286419832242][@bibr5-1756286419832242]--[@bibr6-1756286419832242]^

In the majority of patients with MG the disease can be managed *via* treatment with acetylcholinesterase (AChE) inhibitors, glucocorticosteroids, and/or conventional immunosuppressants, along with thymectomy in some cases. However, a subgroup of patients experience MG that is extremely difficult to control; this is often termed refractory MG and may arise from either a suboptimal response or intolerance to therapy. At present, there is no single accepted definition of refractory MG and a variety of definitions can be found in the published literature (reviewed by Mantegazza and Antozzi;^[@bibr7-1756286419832242]^ summarized in [Table 1](#table1-1756286419832242){ref-type="table"}). Depending on the definition used, the prevalence of refractory MG ranges from approximately 10% to 20%.^[@bibr3-1756286419832242],[@bibr8-1756286419832242][@bibr9-1756286419832242]--[@bibr10-1756286419832242]^ Patients with refractory MG have been shown typically to be female, to be younger at disease onset, to have a history of thymoma, or to be MuSK antibody-positive.^[@bibr7-1756286419832242],[@bibr9-1756286419832242],[@bibr11-1756286419832242]^

###### 

Commonly used definitions for refractory MG (adapted from Mantegazza and Antozzi^[@bibr7-1756286419832242]^).

![](10.1177_1756286419832242-table1)

  Number   Definition                                                                                                                        Attributes
  -------- --------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1        Failure to respond adequately to conventional treatment                                                                           Insufficient response (e.g. persistent moderate to severe weakness) to maximal safe doses of steroids and at least one immunosuppressive drug at adequate dose and duration, with sufficient symptomatic treatment
  2        Inability to reduce immuno-suppressive therapy without clinical relapse or need for ongoing rescue therapy (e.g. IVIg or PE/IA)   Possible sufficient initial response to immuno-suppressive therapy; however, the duration of such therapies has to be restricted owing to the potential for profound side effects associated with their use (particularly in the case of corticosteroids)
  3        Severe or intolerable adverse effects from immunosuppressive or symptomatic therapy                                               More accurately described as 'treatment intolerant'; however, the inability to effectively treat MG using conventional immunosuppressive agents has the same result as being treatment refractory
  4        Comorbid conditions restricting use of conventional therapies                                                                     Again, 'treatment intolerant'
  5        Frequent myasthenic crises even while on immunosuppressive and symptomatic therapy                                                Life-threatening events, characterized by respiratory or bulbar weakness, or paralysis requiring urgent hospitalization

IA, immunoadsorption; IVIg, intravenous immunoglobulin G; MG, myasthenia gravis; PE, plasma exchange.

The purpose of this narrative review is to highlight the burden caused by refractory MG, with the aim of understanding unmet needs in this patient population.

Burden of refractory myasthenia gravis {#section2-1756286419832242}
======================================

To understand the burden that refractory MG places on patients, it is necessary to consider the clinical symptoms of the disease, the side effects of medications and surgery, the psychiatric burden, and the impact on quality of life (QoL). However, published information is limited, possibly owing to the rarity of this disease. The absence of an accepted standard definition of refractory MG is a further complicating factor. Details of the clinical characteristics used to define refractory MG in each publication cited in this article are provided in [Table S1](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242), which illustrates the variety of definitions used.

Clinical symptoms {#section3-1756286419832242}
-----------------

The detailed case histories available in the literature highlight the multiple symptoms that can affect patients with refractory MG in their daily life. Individual examples include severe bulbar weakness, resulting in difficulties with swallowing and speaking^[@bibr12-1756286419832242]^ or the need for a feeding tube,^[@bibr13-1756286419832242]^ fatigable muscle weakness, dysphagia, dysarthria, and dyspnea,^[@bibr14-1756286419832242]^ as well as diplopia and ptosis.^[@bibr15-1756286419832242]^ In very severe cases, patients with refractory MG are so severely disabled that they are bedridden or mechanically ventilated.^[@bibr16-1756286419832242]^

The symptoms of refractory MG may have consequences beyond the initial medical aspects, as illustrated in case studies; for example, patients may experience malnutrition due to escalating dysphagia.^[@bibr17-1756286419832242]^ The prevalence of sleep-disordered breathing and obstructive sleep apnea is higher in patients with MG than in the general population,^[@bibr18-1756286419832242]^ and sleep disturbance in patients with MG has been shown to correlate with lack of remission and the need for immunosuppressive agents, suggesting a higher prevalence in patients with refractory MG.^[@bibr19-1756286419832242]^ Ongoing disease can also interfere with the ability to work because of functionally limiting fatigable weakness after short periods^[@bibr20-1756286419832242]^ or diplopia,^[@bibr15-1756286419832242],[@bibr21-1756286419832242]^ which can restrict the patient's independence and flexibility because of an inability to drive. A study of 917 patients in Japan showed a significant positive correlation between insufficient control of MG symptoms (a definition of refractory MG) and unemployment or unwilling job transfer.^[@bibr22-1756286419832242]^ Inability to work obviously has a subsequent financial impact on the patient and their family.^[@bibr23-1756286419832242]^

Several studies have shown that myasthenic crises and exacerbations are more common in patients with refractory MG than in those whose disease is controlled.^[@bibr24-1756286419832242],[@bibr25-1756286419832242]^ In a retrospective multicenter study, 13 patients with refractory MG (defined as failure to respond to thymectomy and ⩾2 immuno-suppressive drugs including steroids) experienced a total of 10 intensive care unit visits in the course of 1 year, while seven patients with nonrefractory MG had just two visits; rates of hospitalization because of disease aggravation were also higher in patients with refractory MG \[[Figure 1(a)](#fig1-1756286419832242){ref-type="fig"}\].^[@bibr24-1756286419832242]^ In another retrospective analysis, 13 patients with refractory MG (defined as an inadequate clinical response to or intolerance of immunosuppressive treatments) reported 44 acute severe exacerbations of MG (defined as diffuse extremity paresis, dysarthria, dysphagia, or shortness of breath, any of which significantly affected activities of daily living) over a total of 35 patient-years \[[Figure 1(a)](#fig1-1756286419832242){ref-type="fig"}\].^[@bibr26-1756286419832242]^ In addition, a prospective observational study in patients with severe refractory MG \[Myasthenia Gravis Foundation of America (MGFA) classification^[@bibr27-1756286419832242]^ IIIb--IVb; *n* = 6\] reported two to five myasthenic crises requiring artificial ventilation in each of two patients, and more than five such crises in each of two patients; the remaining two patients had one or two crises.^[@bibr28-1756286419832242]^ In the phase III study of eculizumab in patients with refractory generalized MG, 78% of patients had a history of MG exacerbations and 18% had experienced a myasthenic crisis in the 2 years before study initiation. Furthermore, almost a quarter of patients with refractory generalized MG had previously required ventilator support during the course of their MG.^[@bibr29-1756286419832242]^

![Clinical event rates in patients with MG with and without refractory illness.\
(a) Annual mean (± standard error) per patient number of hospitalizations and ICU visits in patients with refractory or nonrefractory MG (Study 1),^[@bibr24-1756286419832242]^ and acute exacerbations in patients with refractory MG (Study 2).^[@bibr26-1756286419832242]^ (b) Unadjusted percentages of patients who experienced myasthenic crises, myasthenic exacerbations, ER visits, and inpatient hospitalizations over a 1-year period.^[@bibr25-1756286419832242]^\
ER, emergency room; ICU, intensive care unit; MG, myasthenia gravis.](10.1177_1756286419832242-fig1){#fig1-1756286419832242}

The experiences reported in these studies are supported by an analysis of health plan databases conducted in the United States of America (USA; refractory MG, *n* = 403; nonrefractory MG, *n* = 3811; non-MG control patients, *n* = 403).^[@bibr25-1756286419832242]^ Over 1 year, compared with patients with non-refractory MG, significantly more patients with refractory MG had at least one myasthenic crisis \[adjusted odds ratio (OR) 4.0, 95% confidence interval (CI) 3.0--5.3; *p* \< 0.001\] and at least one exacerbation \[adjusted OR 4.7, 95% CI 3.7--6.0; *p* \< 0.001; [Figure 1(b)](#fig1-1756286419832242){ref-type="fig"}\]. In addition, patients with refractory MG were almost twice as likely to visit an emergency room and 3.5-times more likely to require inpatient hospitalization than patients with nonrefractory disease (*p* \< 0.001 for both).^[@bibr25-1756286419832242]^ Other studies have noted that patients with refractory MG frequently require multiple intubations during periods of worsening symptoms.^[@bibr15-1756286419832242]^ Because of wide country-specific variations in treatment availability, costs of therapy will not be considered in this review; however, the potential economic impact of refractory MG due to such events is clear from the above reports.

Assessment of disease severity in refractory MG {#section4-1756286419832242}
-----------------------------------------------

Patients with refractory MG have a marked disease burden in terms of disability, as supported by the case histories, small studies, and phase II/III clinical trials summarized in this section. Several scales and instruments have been used to assess severity of illness in patients with refractory MG, and these are summarized below.

### MGFA clinical classification {#section5-1756286419832242}

The MGFA clinical classification^[@bibr27-1756286419832242]^ reflects the worst pretreatment clinical condition experienced by a patient, rather than the current clinical situation. It categorizes MG into five classes according to the degree of muscle weakness, from class I (any ocular weakness) to class V (requirement for intubation). Classes II--IV rate the mild to severe weakness of muscles other than ocular muscles, subdivided according to body location into 'a' (predominantly limb or axial) and 'b' (predominantly oropharyngeal or respiratory). Patients with refractory MG have been shown to have a higher MGFA classification (classes III--V), reflecting their greater disability compared with patients with nonrefractory MG (classes II--IV).^[@bibr24-1756286419832242]^

### Quantitative MG score {#section6-1756286419832242}

The quantitative MG (QMG) score is used in clinical studies as a measure of disease severity. The validated scale is clinician administered and comprises 13 items that quantitatively assess the endurance or fatigability of different muscle groups.^[@bibr27-1756286419832242]^ The total score ranges from 0 to 39, with higher scores indicating greater disease severity. A ⩾3-point difference in the QMG score is considered clinically meaningful and scores of 10--16 and \>16 indicate mild and moderate disease, respectively.^[@bibr30-1756286419832242]^ In clinical studies of patients with nonrefractory generalized MG, baseline mean QMG scores have ranged from 10.4 to 13.3 (i.e. mild MG).^[@bibr31-1756286419832242][@bibr32-1756286419832242]--[@bibr33-1756286419832242]^ In contrast, patients with refractory MG have high levels of disability as a consequence of their persistent clinical symptoms. Scores ranging from 7 to 28 (considered to be mild to severe MG, respectively) have been reported in a few small case series of patients with refractory MG.^[@bibr34-1756286419832242][@bibr35-1756286419832242]--[@bibr36-1756286419832242]^ A median (range) score of 21 (12--28) corresponding to mainly moderate to severe MG was reported in 13 patients with residual ciclosporin- and prednisolone-resistant MG;^[@bibr35-1756286419832242]^ and a mean ± standard deviation (SD) score of 20.7 ± 4.9 (indicating mainly moderate to severe MG; median not provided) was reported in a larger follow-up study (*n* = 79) by the same investigators.^[@bibr37-1756286419832242]^ A mean ± SD baseline QMG score of 17.1 ± 5.3 (range 6--34; that is, mild to severe MG) was reported in the phase III clinical study of eculizumab in patients (*n* = 125) with refractory generalized MG who were categorized as having MGFA class II--IV disease and who had an MG activities of daily living (MG-ADL) score of ⩾6, suggesting moderate to severe impairment of activities of daily living.^[@bibr29-1756286419832242],[@bibr38-1756286419832242]^ Thus, in general, QMG scores reported in these studies suggest higher disability in patients with refractory MG compared with those with nonrefractory MG.

### MG activities of daily living {#section7-1756286419832242}

The MG-ADL profile is an eight-item patient-reported scale that assesses MG symptom severity (ocular, oropharyngeal, respiratory, and extremity function) and effects on daily activities.^[@bibr39-1756286419832242]^ Each item is scored from 0 to 3, with higher scores indicating greater limitations. A 2-point difference is considered clinically relevant.^[@bibr40-1756286419832242]^ In a study of eight patients with refractory MG, the mean MG-ADL score was approximately 8;^[@bibr34-1756286419832242]^ in a second study, three patients had MG-ADL scores of 8--15.^[@bibr41-1756286419832242]^ Both studies indicate disability interfering with functioning during normal daily activities. Studies assessing the effect of immunosuppressants \[mycophenolate mofetil (MMF) and methotrexate\] in patients with nonrefractory MG^[@bibr31-1756286419832242],[@bibr33-1756286419832242]^ have reported notably lower baseline MG-ADL scores (indicating less impact on daily living) than in patients with refractory MG.^[@bibr34-1756286419832242],[@bibr41-1756286419832242],[@bibr42-1756286419832242]^

### Manual muscle test and myasthenia muscle score {#section8-1756286419832242}

The MG-specific manual muscle test (MG-MMT)^[@bibr43-1756286419832242]^ has been used in a few studies of refractory MG to evaluate muscle strength. Without the use of instruments, the MMT determines the strength of 12 bilateral muscle groups and six ocular or axial muscles that are usually affected by MG, with scores from 0 (normal) to 4 (paralysis). The total score ranges from 0 to 120, with higher scores indicating more severe disease. In one small rituximab study, patients with refractory MG had baseline total MMT scores ranging from 4 to 27.^[@bibr44-1756286419832242]^ The myasthenia muscle score^[@bibr45-1756286419832242]^ comprises nine items based on clinical examination of muscle function, with individual scores ranging from 10 to 15 and the total score from 0 to 100, with lower scores indicating greater disease severity. Two small studies of the efficacy of rituximab in treating refractory MG reported baseline myasthenia muscle scores of 27--90.^[@bibr46-1756286419832242],[@bibr47-1756286419832242]^

The wide ranges in scores for these two measures observed in patients with refractory MG may reflect the variety of reasons underlying the classification of refractory disease in individual patients; for example, some patients may be deemed to have refractory disease because, even though a drug was effective, its side effects rendered it intolerable. Scores in these measures do not necessarily reflect whether or not the disease is refractory.

### MG composite {#section9-1756286419832242}

The myasthenia gravis composite (MGC) is a validated, 10-item instrument comprising components of the QMG score, the MG-ADL scale, and the MMT, which cover the functional domains most frequently affected by MG and have been found to be the most responsive in MG trials.^[@bibr48-1756286419832242]^ Unlike the QMG and MGFA, the MGC is a weighted scale that takes into account both physician-assessed parameters and patient history. Assessment using the MGC provides a score of 0 (not affected) to 50 (severely affected), with a ⩾3-point change accepted as being clinically meaningful.^[@bibr33-1756286419832242]^ A mean ± SD baseline MGC score of 19.6 ± 6.1 was reported in the phase III eculizumab study in patients with refractory generalized MG and MG-ADL scores of ⩾6.^[@bibr29-1756286419832242]^ Estimated scores of 12--34 were noted in a small retrospective study of eight patients with refractory MG selected for treatment with cyclophosphamide,^[@bibr49-1756286419832242]^ and median baseline scores of 11.5--12.0 (range 2.0--28.0) were reported in patients with refractory MG enrolled in a phase II study of adjunctive belimumab.^[@bibr50-1756286419832242]^

Side effects of treatments for refractory MG {#section10-1756286419832242}
--------------------------------------------

Overall, two approaches are used for pharmacotherapy in MG: (1) symptomatic therapy promoting neuromuscular transmission (e.g. AChE inhibitors); and (2) immunosuppression of the pathological immune processes underlying the disease.^[@bibr2-1756286419832242]^ Immunosuppressants are divided into basic immunotherapy (glucocorticoids, azathioprine, ciclosporin A, methotrexate, MMF, and tacrolimus) and escalation therapies (monoclonal antibodies such as rituximab and eculizumab, and cyclophosphamide). Intervention therapies \[IVIg, plasmapheresis/plasma exchange (PE), or immunoadsorption (IA)\] are used in situations of imminent or apparent myasthenic crisis.^[@bibr2-1756286419832242]^ Patients with MG and mild to moderate symptoms usually achieve full remission or a substantial improvement following treatment with AChE inhibitors, glucocorticosteroids, or conventional immunosuppressants (azathioprine, ciclosporin A, methotrexate, MMF, and tacrolimus).^[@bibr3-1756286419832242]^ For example, glucocorticosteroids have been shown to improve clinical symptoms within 4--8 weeks in 70--80% of patients.^[@bibr51-1756286419832242],[@bibr52-1756286419832242]^ However, for patients not achieving an adequate response to the above-mentioned drugs, or who experience intolerable side effects, options include high-dose steroids, escalation therapy, or intervention therapy.

### Medical treatment {#section11-1756286419832242}

The acute and long-term side effects and contraindications associated with medications used to treat MG are summarized in [Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242), with examples of adverse events (AEs) reported in case studies and clinical trials in patients with MG. Crucially, the substantial side-effect burden can reduce patients' persistence with treatment or result in patients stopping therapy completely. Furthermore, immunomodulatory treatments for refractory MG can be associated with severe bacterial and viral infections, the most serious of which is progressive multifocal leukoencephalopathy (PML), and mycosis.

#### Glucocorticosteroids {#section12-1756286419832242}

Patients with refractory MG often receive high-dose steroids for extended periods. Steroids are associated with several well-documented serious long-term AEs ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)), including osteoporosis and diabetes.^[@bibr49-1756286419832242],[@bibr53-1756286419832242]^ Treatment strategies in patients with MG aim to reduce the steroid dose when possible through the use of steroid-sparing immunosuppressants (azathioprine, MMF, ciclosporin, tacrolimus, and methotrexate). However, these are themselves associated with significant AEs.

#### Steroid-sparing immunosuppressants {#section13-1756286419832242}

Azathioprine is frequently administered in patients with MG; however, it is associated with a range of common AEs ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)), as well as increased cutaneous photosensitivity that may result in a higher risk of skin cancer.^[@bibr54-1756286419832242],[@bibr55-1756286419832242]^ Although MMF is an alternative treatment option to azathioprine, the risk of PML must be considered; a number of cases have been reported in other therapeutic areas, predominantly in patients with systemic lupus erythematosus or following renal transplantation.^[@bibr56-1756286419832242],[@bibr57-1756286419832242]^ Other, less frequently used steroid-sparing immunosuppressants are ciclosporin, tacrolimus, and methotrexate, which are all associated with a wide range of AEs ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)).

#### Escalation therapies {#section14-1756286419832242}

Eculizumab is approved for use in generalized MG (USA) and refractory generalized MG (European Union) in patients who are anti-AChR antibody-positive. Commonly occurring AEs have been reported with similar frequency with eculizumab and placebo treatment^[@bibr29-1756286419832242]^ ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)). Eculizumab has been found to increase patient susceptibility to meningococcal infections owing to its mechanism of action; life-threatening and fatal meningococcal infections have been reported in patients receiving eculizumab^[@bibr58-1756286419832242]^ (see [Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242) for further information). To date, no information is available from randomized controlled trials regarding the safety of rituximab in patients with MG. Rituximab can be associated with prolonged B-cell depletion, especially when administered in combination with other immunosuppressants, leading to an increased risk of infection. Cases of PML have been reported in patients with other autoimmune diseases, such as rheumatoid arthritis and systemic lupus erythematosus, who have been treated with rituximab.^[@bibr59-1756286419832242],[@bibr60-1756286419832242]^ With regard to MG, two cases of PML have been reported^[@bibr46-1756286419832242],[@bibr61-1756286419832242]^ (see [Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242) for further details). There is a paucity of published safety data on the use of cyclophosphamide in MG; however, treatment with cyclophosphamide is associated with nephrotoxicity.^[@bibr20-1756286419832242],[@bibr62-1756286419832242]^

#### Intervention therapies {#section15-1756286419832242}

IVIg and PE/IA are recommended as short-term treatments in patients with MG who experience myasthenic exacerbations and crises. They may also be administered as maintenance therapy in patients with refractory MG. The benefits and risks of long-term use have not been extensively studied, although IVIg treatment has been reported to be associated with a range of delayed AEs ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)). Complications associated with PE/IA primarily arise because of the need for catheter placement (see [Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242) for examples). A comparison of PE and IA in patients with MG noted that allergic reactions or hypocoagulability occurred more frequently in those receiving PE (37% in PE *versus* 4% in IA).^[@bibr63-1756286419832242]^

### Other effects of medical treatment {#section16-1756286419832242}

In addition to the wide variety of acute drug-related AEs, as described above, some drugs used to treat MG are associated with the risk of developing comorbid conditions such as dyslipidemia, obesity, osteoporosis, and cardiac arrhythmias ([Table S2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419832242)).^[@bibr11-1756286419832242],[@bibr25-1756286419832242]^ Of particular concern is steroid-induced diabetes or worsening of existing diabetes.^[@bibr64-1756286419832242]^ Comorbidities are common in patients with MG, with comorbidity rates of 65--73% reported in some studies.^[@bibr65-1756286419832242],[@bibr66-1756286419832242]^ However, the increased requirement for medication in patients with refractory MG may further exacerbate this risk. For example, in a study of 76 patients with refractory MG, 29% were reported to have diabetes;^[@bibr11-1756286419832242]^ in the wider MG population, the prevalence of diabetes has been reported to be 3--20%.^[@bibr65-1756286419832242][@bibr66-1756286419832242]--[@bibr67-1756286419832242]^ A further factor to consider is potential drug--drug interactions, which should be appraised on a patient-by-patient basis.

### Thymectomy {#section17-1756286419832242}

Thymectomy has long been recognized as a treatment option for nonthymomatous MG and refractory nonthymomatous MG. Three surgical approaches are used: video-assisted thoracoscopic surgery (VATS), robotic-assisted thoracoscopic surgery (RATS), and extended transsternal thymectomy. Interestingly, the positive effect of thymectomy on MG was only recently confirmed in a large randomized study that included 126 patients receiving extended transsternal thymectomy.^[@bibr32-1756286419832242]^

Despite the benefits of thymectomy, the surgical procedure of transsternal thymectomy is not without risk for patients because of the need for open thoracotomy. For transsternal thymectomy procedures conducted between 1987 and 1998, major complications associated with surgery were reported to occur in approximately 10--20% of patients.^[@bibr68-1756286419832242],[@bibr69-1756286419832242]^ In a retrospective comparison of surgery performed between 1980 and 2005 *via* either transsternal (*n* = 84) or thoracoscopic (*n* = 22) approaches, the perioperative morbid-ity rate was approximately 20% for both approaches.^[@bibr70-1756286419832242]^ Surgical complications (12%), pneumonia (6%), thrombosis (1%), lesion of the phrenic nerve (7%), pleural effusion (2%), and wound infection (1%) were reported across the two groups; postoperative bleeding necessitating urgent revision after transsternal thymectomy also occurred in one patient.^[@bibr70-1756286419832242]^ In a retrospective analysis of transsternal thymectomy procedures conducted between 1986 and 1989 (*n* = 26), early complications of sternal osteomyelitis requiring intravenous antibiotics and surgical debridement were reported in one patient; no cases of pneumonia or phrenic nerve palsy were observed.^[@bibr71-1756286419832242]^ Late postoperative complications were also reported, including re-operations, sternal instabilities (9%), and residual thoracic pain (26%).^[@bibr71-1756286419832242]^ A total of seven patients (30%) had hypertrophic scars, one of whom (a young woman) was cosmetically disturbed; however, no patient considered correction of the scar.^[@bibr71-1756286419832242]^ Injury to the innominate vein has also been reported.^[@bibr72-1756286419832242],[@bibr73-1756286419832242]^

The optimal surgical technique for thymectomy in patients with MG is subject to ongoing debate. A retrospective review of a prospectively maintained database of 1002 thymectomy patients in a single institution from 1941 to 2013 reported that although the VATS technique had the best odds of achieving complete stable remission, this was not statistically significant and was probably related to the small number of patients in that cohort.^[@bibr74-1756286419832242]^ The authors concluded that the optimal approach and degree of resection required remain controversial. In contrast, a meta-analysis comparing VATS with open transsternal thymectomy, which included 12 studies with a total of 1173 patients, reported advantages for VATS compared with open thymectomy.^[@bibr75-1756286419832242]^ The VATS approach was associated with less intraoperative blood loss and a shorter hospital length of stay, and lower rates of total complications (OR 0.59, 95% CI 0.37--0.94; *p* = 0.03) and myasthenic crisis (OR 0.51, 95% CI 0.28--0.92; *p* = 0.03). However, there were no significant differences in operation time, intensive care unit time, or rates of pneumonia.^[@bibr75-1756286419832242]^ In addition, a literature analysis of VATS and RATS concluded that both techniques offer good and safe operative and perioperative outcomes, with little difference between the surgical approaches.^[@bibr76-1756286419832242]^ Considering the evidence presented above, in our opinion, VATS and RATS are superior to open transsternal thymectomy; however, long-term data are currently lacking.

Repeat thymectomy may be considered in patients with refractory MG. In a review of refractory MG, Silvestri and Wolfe concluded that even patients with negative imaging findings for retained thymic tissue may experience potential benefits from repeat thymectomy following careful selection of appropriate patients.^[@bibr8-1756286419832242]^ In our opinion, however, there should be imaging evidence for remaining thymic tissue (detected by computed tomography, positron-emission computed tomography, or magnetic resonance imaging) before performing repeat thymectomy. In addition, it is important to note that any thymectomy procedure should be performed when a patient is in a stable clinical condition.^[@bibr2-1756286419832242],[@bibr77-1756286419832242]^

Although thymectomy has potential benefits in terms of clinical improvement,^[@bibr8-1756286419832242],[@bibr78-1756286419832242]^ each thymectomy procedure is associated with considerable morbidity. The burden of surgery is particularly relevant given that these patients are experiencing a second surgical procedure (possibly major surgery) against a background of the severe disabling symptoms of refractory MG with the complicating factor of a potentially higher risk of peri- and postoperative events.^[@bibr79-1756286419832242],[@bibr80-1756286419832242]^ Chang and colleagues reported that postoperative AEs were significantly increased in patients with MG who had a history of hospitalization for MG, thymectomy, emergency care for MG, or short-term immunotherapy (IVIg and plasmapheresis);^[@bibr80-1756286419832242]^ these are all factors associated with refractory MG, as detailed above. Furthermore, postoperative complications can arise with any type of surgery in patients with refractory MG.^[@bibr80-1756286419832242]^

Postoperative myasthenic crisis (POMC) is a serious complication associated with thymectomy. In a case series of thoracoscopic complete thymectomy in patients with refractory nonthymomatous MG, two cases of POMC were reported and the authors speculated that, 'the patients' unstable clinical condition may have contributed to an increased risk of postoperative exacerbation of myasthenic symptoms.'^[@bibr81-1756286419832242]^ Subsequently, Osserman stage \>IIB,^[@bibr82-1756286419832242]^ bulbar symptoms, preoperative plasmapheresis, and a symptom duration of \>2 years have been reported to be associated with the occurrence of POMC.^[@bibr83-1756286419832242]^ Presurgically, unstable MG has also been found to be an independent predictor for POMC,^[@bibr84-1756286419832242]^ indicating an increased risk of POMC in patients with refractory MG.

Psychiatric burden {#section18-1756286419832242}
------------------

Published data on the psychiatric burden of refractory MG are scarce and, to date, specific rating scales, such as the Hamilton depression rating scale, have not been used in studies of refractory MG. However, it is possible to extrapolate data from studies in the wider MG population to obtain an indication of the effects of refractory MG on mental health.

A cross-sectional study in Turkey (*n* = 42) reported that greater MG disease severity was associated with worse Hamilton depression rating scale and Hamilton anxiety rating scale scores.^[@bibr85-1756286419832242]^ However, in this study, the most severely affected patients were those with Osserman stage IIB MG (i.e. moderately generalized, inadequate treatment response, bulbar involvement, no crisis).

It is well accepted that the short-term use of corticosteroids can induce mania; however, in the long term, systemic steroid use has also been associated with depressive symptoms.^[@bibr86-1756286419832242],[@bibr87-1756286419832242]^ A large Japanese cross-sectional study of 287 patients with MG (MGFA class I/II/III/IV/V: 68/125/60/12/22, respectively; mean ± SD baseline QMG: 7.0 ± 5.1) reported that the dose of oral steroids for MG treatment was a major factor independently associated with depressive state in MG (assessed using the Beck depression inventory, second edition).^[@bibr88-1756286419832242]^ Furthermore, an 'unchanged' or 'worsened' disease state after treatment and MGC scores were independently associated with depression.^[@bibr88-1756286419832242]^ As patients with refractory MG are often unable to reduce immunosuppressive therapy (including corticosteroids) without clinical relapse, have an inadequate response to standard therapies, and have worse disease assessment scores, this subpopulation may be more at risk of developing mental illness.

There is a need for further evaluation of the psychiatric burden of refractory MG to inform clinical practice on the optimum psychiatric management of affected patients.

Assessment of QoL {#section19-1756286419832242}
-----------------

Various outcome measures have been used to assess health-related (HR)-QoL in patients with MG. Although widely used in a variety of therapeutic areas, the generic Medical Outcomes Study short-form (36-item) health survey (SF-36) is not disease specific and is less commonly used now that disease-specific measures are available. The 60-item MG-specific QoL instrument (MG-QoL) has been reported to perform better than the SF-36 in terms of demonstrating disease change over time in patients with MG.^[@bibr89-1756286419832242]^ However, this 60-item instrument was subsequently shortened to 15 items (MG-QoL15).^[@bibr90-1756286419832242]^ The MG-QoL15 can be quickly and easily administered and interpreted, thus increasing its utility in daily practice and clinical trials.^[@bibr90-1756286419832242]^ Each item is scored from 0 to 4; a higher score indicates lower QoL and a 7- to 8-point reduction has been established as a clinically meaningful improvement.^[@bibr90-1756286419832242]^

Despite the availability of disease-specific rating scales, there are limited publications on HR-QoL in patients with refractory MG. However, a few reports are available of small studies describing MG-QoL scores in these patients.^[@bibr34-1756286419832242],[@bibr41-1756286419832242],[@bibr42-1756286419832242]^ In one study, eight patients with refractory MG had a mean MG-QoL15 score of approximately 37.^[@bibr34-1756286419832242]^ In a second study, three patients had MG-QoL15 scores of 30--36.^[@bibr41-1756286419832242]^ These studies indicate considerable detrimental effects on QoL. In a study of 62 patients with moderate to severe MG and worsening symptoms who required IVIg or plasmapheresis, mean ± SD MG-QoL15 scores were 26 ± 13 to 28 ± 14.^[@bibr42-1756286419832242]^ An important finding in this study was that the mean ± SD MG-QoL15 score was significantly higher, indicating worse QoL, in patients with a QMG score of ⩾17 *versus* \<17 (MG-QoL15 score 42 ± 7 *versus* 28 ± 12, respectively; *p* = 0.001; [Figure 2](#fig2-1756286419832242){ref-type="fig"}).^[@bibr42-1756286419832242]^ In agreement with these smaller studies, the phase III eculizumab REGAIN study reported a mean ± SD MG-QoL15 score of 32.1 ± 12.5 at baseline,^[@bibr29-1756286419832242]^ further confirming the negative effects of refractory MG on HR-QoL.

![Mean (± standard deviation) MG-QoL15 scores in patients with different degrees of severity of myasthenia gravis.^[@bibr42-1756286419832242]^\
Higher scores on the QMG instrument indicate greater disease severity; higher scores on the MG-QoL15 indicate worse health-related quality of life.\
MG-QoL15, 15-item myasthenia gravis quality of life questionnaire; QMG, quantitative myasthenia gravis.](10.1177_1756286419832242-fig2){#fig2-1756286419832242}

Studies assessing the relationship between disease severity, disability, and QoL provide further support for the burden of refractory MG on HR-QoL. In a study of 102 patients with MG (MGFA class I--IV), Raggi and colleagues observed concordance between MG disease severity, disability, and HR-QoL, including both physical and mental health aspects, as assessed using the SF-36.^[@bibr91-1756286419832242]^ In addition, the MG-QoL15 score has been reported to be positively correlated with skeletal muscle weakness, hospital anxiety and depression scale (HADS) total score, HADS anxiety subscale score, and HADS depression subscale score.^[@bibr92-1756286419832242]^ These increased levels of muscle weakness, anxiety, and depression (i.e. higher scores) were associated with lower HR-QoL. In contrast, remission and absence of generalized symptoms are favor-able factors for HR-QoL.^[@bibr93-1756286419832242]^

These studies, together with the small number of reports in patients with refractory MG summarized above, suggest worse HR-QoL for such patients compared with those with nonrefractory MG.

Perspectives and conclusions {#section20-1756286419832242}
============================

Refractory disease occurs in 10--20% of patients with MG;^[@bibr3-1756286419832242],[@bibr8-1756286419832242][@bibr9-1756286419832242]--[@bibr10-1756286419832242]^ however, this review highlights the breadth and degree of the burden of refractory MG on patients, which is likely to include an increased risk of disability, serious drug- or surgery-associated AEs, myasthenic crises, MG-related hospitalization, and comorbidities. This profile is likely to be accompanied by increased unemployment and worse mental health and HR-QoL. Combinations of symptoms and their consequences amplify the burden on the patient.

This subset of patients has previously been described as being distinct from those with non-refractory disease, with the possibility of underlying biological differences between the two groups.^[@bibr9-1756286419832242],[@bibr25-1756286419832242]^ At present, although certain patient and clinical characteristics have been associated with an increased risk of being refractory to treatment, there are no reliable biomarkers to determine, early on, which patients will respond to therapy. Patients with anti-MuSK antibody-positive MG are unlikely to respond to AChE inhibitors^[@bibr94-1756286419832242]^ and there is some evidence that genetic associations might explain the variability of the response to drugs, including glucocorticoids and azathioprine, among patients with MG.^[@bibr95-1756286419832242][@bibr96-1756286419832242]--[@bibr97-1756286419832242]^ Further work in this area may help to predict which patients will have disease that is refractory to treatment or experience intolerable AEs to certain drugs in clinical practice.

A number of other unmet needs can be identified in refractory MG. For the clinical management of patients, a consistent definition of 'refractory MG' needs to be reached. Definitions vary widely in the published literature and clinical trials, making it difficult to compare study results and derive implications for clinical management in individual situations. Previously used definitions comprise a heterogeneous spectrum, based on disease severity (disease-defined criteria) such as: MGFA class; fluctuations; lack of therapeutic effect of two or three immunosuppressants, PE/IA or IVIg; repeat hospitalization or regular planned hospitalizations; and deterioration lasting \<24 months; or drug-defined criteria such as resistance, toxicity, and contraindications to therapy; or a combination of both disease- and drug-defined criteria. Older definitions also fail to take into account the improved outcomes achievable with IVIg, plasmapheresis, and newer drugs.^[@bibr98-1756286419832242]^ One possibility is to create a composite of disease-course and drug-related criteria and to specify a frequency of hospitalization (per year) and distinct period of deterioration that defines 'refractory' disease. A multiaxial classification system could include the number and type of immunosuppressive drugs; duration and dose of steroid therapy; exacerbations or need for escalation strategies; and intolerable side effects, taking into account that full remission of MG symptoms should be the therapeutic goal. It should be borne in mind that the definition needs to be applicable to all healthcare systems; therefore, 'refractory' disease should not be based on the use of specific drugs, as not all are universally available.

Thus, we would like to propose the following set of disease- and drug-related criteria for refractory MG:

-   Persistent impairment in activities of daily living; or

-   at least one imminent or apparent myasthenic crisis per year (not related to inconsequent medication, infection, or use of drugs that induce deterioration of MG) with a need for PE, IA, or IVIg; or

-   the need for PE, IA, or IVIg at regular intervals; or

-   persistent intolerable side effects;

-   despite adequate standard treatment (thymectomy if indicated; AChE inhibitors at maximum tolerable doses; steroids at a dose reduced below the Cushing level within 1 year; and at least one steroid-sparing immunosuppressant) for ⩾1 year.

Refractory MG is uncommon, even in tertiary clinical centers. An online focus group comprising patients with refractory MG convened by the MGFA has identified a need for both patient and physician education on the condition.^[@bibr23-1756286419832242]^ There is a need for greater physician awareness of this subset of patients and, in particular, each individual's unmet needs, as the disease course and response to treatment can vary widely, necessitating perseverance in identifying the optimal treatment regimen. The need for management by a multidisciplinary team is highlighted not only by the physical and psychological needs of patients with refractory MG, but also by the potential for multiple comorbidities.

At present, there is a lack of evidence-based guidelines for the treatment of refractory MG. Treatment options for patients who fail to achieve remission with standard therapies are limited, and there is a need for effective, steroid-sparing, well-tolerated therapies. A recently published review of available and potential therapeutic options highlighted the promise of biologics as targeted immunotherapy for MG.^[@bibr98-1756286419832242]^ However, few clinical trials appear to be ongoing or planned specifically in patients with refractory MG. In a recently reported study in patients with active generalized MG despite standard therapy, adjunctive belimumab failed to demonstrate a significant improvement in QMG score.^[@bibr50-1756286419832242]^ Rituximab has shown promise in small studies and individual cases of refractory MG. Although recently reported results from a phase II study in patients with anti-AChR antibody-positive MG (not specifically refractory disease) treated with a stable standard immunosuppressive regimen showed that adjunctive rituximab was not effective in reducing the dose of steroid required to control the disease,^[@bibr99-1756286419832242]^ disease severity at baseline was relatively low in this study (60% of patients were assessed as being MGFA class II), which may have limited the ability to detect a treatment effect. However, a meta-analysis of small observational studies suggested that rituximab may be more effective in patients with anti-MuSK antibody-positive MG than in those with anti-AChR antibody-positive MG.^[@bibr100-1756286419832242]^ A subsequent study of patients with anti-MuSK antibody-positive MG reported that compared with the control group, patients receiving rituximab were more likely to achieve the study's primary clinical endpoint (a composite of MGFA postintervention status score and number and dosages of other immunosuppressant therapies administered).^[@bibr101-1756286419832242]^ Ongoing studies are also examining the efficacy of: rozanolixizumab (an Fc receptor antagonist) in patients with moderate to severe MG who would be considered for IVIg or PE treatment ([ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT03052751); abatacept (a naïve T-cell activation inhibitor) in patients who have an inadequate response to conventional immunotherapy ([ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT03059888); and bortezomib (a proteasome inhibitor) in patients with therapy-refractory MG ([ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT02102594). Other targeted agents being investigated in generalized MG include RA101495 (a subcutaneously administered peptide inhibitor of complement component 5);^[@bibr102-1756286419832242]^ CFZ533 (an anti-CD40 monoclonal antibody);^[@bibr103-1756286419832242]^ and ARGX-113/efgartigimod (an Fc receptor antagonist). Results from controlled studies of these agents in patients with MG are keenly awaited.

In addition, knowledge regarding the psychological impact and patient-reported outcomes in refractory MG is sparse. The past decade has seen a growing awareness across therapeutic areas of the need to incorporate assessments of patient-reported outcomes, and particularly HR-QoL, in clinical trials. The MG-QoL15, a simplified disease-specific instrument to assess HR-QoL in MG,^[@bibr90-1756286419832242]^ has been used in several clinical studies to assess patients' perceptions of a range of everyday activities and needs that might be affected by MG. A modified version (MG-QoL15r) has recently been developed, which the authors state performs slightly better than the original instrument.^[@bibr104-1756286419832242]^ Wider use of this instrument in clinical trials should improve our understanding of HR-QoL in patients with refractory MG, and its use in clinical practice, along with routine assessment of psychiatric burden, may help to inform disease-management decisions. A large ongoing study in Germany (Myasthenia Gravis and Psyche; [ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT03205306; estimated enrollment of 4300 patients) has been specifically designed to characterize psychiatric comorbidities in patients with MG, with outcomes including anxiety disorders, depression, and HR-QoL. In addition, the researchers are examining how particular aspects of the disease influence HR-QoL, and whether different concepts of coping with the disease have different effects on HR-QoL. It would be of interest to analyze patients with refractory MG separately, if possible, in this study.

As with most chronic refractory diseases, living with refractory MG is frustrating for the patient and, as observed in the recent MGFA report from the focus group, '... it is particularly frustrating \[for people with refractory disease\] to read that most people with MG are well managed on treatment, or have 'normal' lives, when their experiences are quite the opposite'.^[@bibr23-1756286419832242]^ There is a clear need for greater awareness of the burden of refractory MG and focused research into its impact and treatment.
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